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NATIONAL ADVISORY COMMITTEE FOR AERCFAUTICS

TECHNICAL NOTE NO, 996

NET HEAT OF COMBUSTION OF AN-F-28 AVIATION GASOLINES

By R, 8, Jessup and C, S, C{géoe
SUMMARY

Experimental data on the heats of combustion and hydro-
gen contents of a number of aviation gasolines have been
used in deriving a formula for computing net heat of combug—
tion from (measured) gross heat of combustion, This formula
appears to be sufficiently reliable for the purpose and has
the advantage of making hydrogen determinations unnecessary,

The data on heats of combustion are presented in tabular
form, and in graphs showing the relatlion between net heat of
combustion and (1) hydrogen content,. (2) aniline point, (3)
API gravity, and (4) the product of aniline point and API
gravity, .

Data are given on the change 1in anlline point with time‘;

and also the change Presulting from the addition_of_;yli@ine

INTRODUCTION

The work covered by this report was undertaken at the
request of the National Advisory Committee for Aeronautics
in order to determine a relisble method of estlmating the
net. heat of combustion (1) when the gross heat of combustion
is known and (2) when the gross heat of combustion is not
known,

MATERIALS INVESTIGATED

The”samﬁles of gasoline'originally investigated'in:cgn—
nection with this project inciluded 29 production samples of
AN-F-28 aviation gasolines submitted by indlvidual refiners
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at the 'equéat of the Petroleum Administration for War, nnd
two other ganples of experimental fuels which were widely
used in cooperative tests. . Recent neasurements of heat of
combustion have also beex made on 26 other samplss of
AN-P-28 aviation gasolines -from-various refiners, and the
data qbtained on thess. fuels are included in this report.

o

The producers of the gasolines investigated, and the
number of samples supplied Dy each are listed below.

Producsr Fumber of samples® -
Abercrozbie & Harrison 0il Co.,u 1
Atlantic Refining Co. a 1 (1)
Gulf 0il Corporation . 2.(2).
Humble 0il & Refiming Co. e (1), v -
Lago Oil and Transport, 1td. LLLan(e).
Magnolia Petroleum Co. ' ' e T (2).
Phillins”Patroleunm Co. “TETT T (1)
Richfield Oil Go. o1 _
Shell 0il Co. - 4 (4),.
Socony Vacuum 0il ¢o. _.4_(3;-' ! A
Stendard 04l Co, of" C@iifornia .2 (1) -
Standard Oil Jo. of“'Indidna e ' A
Standard 011 Co. of Louisiana 4 (3)
Standard 0il Co. of New Jersey . .. ... ,2 (2) s
Standard 01l Co. of, Ohlb o rLoos Ty (1) .
Sumn 01l o, - AR T ¢ 1
Texas Co, 3 (2)
Tidewater Association 0il 00.154 1 (1)
Unlon 0i- Co. - 2 (1)
White Star Refining Co. 1 (1)
Unspec;fied e e .., 15 (1) I
The numbers in parenuheses represent gasolines included
in rthe oxlgLnal group of saﬂples l to 31 inclusive (tables 1 o
and 3) add e m—
DATA AND XRTHODS OF TEST -
The swvecific gravity, and dlst1l ation data on the 31 J
gasolines originally investigated are given “tn tadle 1. | o
Table 2 xives values of gravity, aniline point, hydrogen ~ - i

content observed gross and net heat of combustion for these
gasolines, values of net heat of ccmbustion_calcu;gted from

a
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a Telation (squation(5)), derived from the results of the
presaent -rork, which expresses net as a function of observed
gross haest of combustion, ond values of net heat of combus-—
tion calculated from the relation between gross and net heat
of combustion given in specification A¥-F-28, amendment 3.
Table 3 gives values of grwvity, aniline boint, observed
groes and calculated net- heat of combustion for the 26
"samples vhose hydrogen contents were not determined. Dach
valus of gross heat of combustion given in tables 2 and 3
igs the mean of two determinations which uguslly agreed
within less than 0,056 percent, although in a few cases the
differencs was as much as 0.1 psrcent.

The aniline points were determined in accordance with
A.S., 7.4, Moethod D611—44T. The carbon and hydrogen contents
of gasolines 1 to 31 inclusive were both 'determined by com—
bustion analysis. Pxecept as noted, the hydrogen, percent
by welght, reported in table 2 is the mean valus of percent
hydrogen as deternined from water formed in cowmbustion, and
99.8 minus percent carbon determined from CQOg5, the valus
reported agreeing with these values in general to about 0.1
or 0.2 percent hydrogen. (The value 99.8 assumes 0.2 per—
cent nonhydrocarbon present from 4 ml/gallon of tetraethyl
lead.,) .

The bomb cHlorimeter and accessory apparatus. and the
method of calculating results on gross heat of combustion
have been described (reference 1). Two different types of
thin-walled glass bulbs, previously described (references 2
and 3), wvere used to inclose the gasoline samples to prevent
loss by evaporation, so that the mass of sanple burned could
be accurately determined. No significant diffsrence was
“found in the results obtained with the two types of bulbs.
The gross heat of combustion at constant volume was measured
at - about 30° ¢. In ordet. to pérmit comparison of the results
with data on purs hydrocarbons, most of which-are referred to
259 ¢, the values of 2, (gross) at 269 ¢, which arse given

in teble 2, were calculatea from the obsserved values of730° c,
”usLng the following valuesfof specific heats. :

, ,Gasoline (1iquia) cl q£'= 2.1 j/g deg c__' e
- Oxygen (gas) .o }-{3C43= 20.82 J/mole deg C '
Carbon dioxide (mas): €, = 28. 08 J/mole deg G-

Tater (liquid)’ 75.29 §/mole deg C

LT
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The amounts of water formed in combustion of gasolines 1 to

31, inclusive, were calculatsd from the values .of .(percent H)
given in table 2. Tor ths remaining gasolines the values of
(percent H) used were calculated from a relation between Qv

(gross) and (percent H) derived from equations (1) and (4)
given later. This relation ‘batween . f (gross) and (percnntH)
and the values of specific heats given adove, have been used
to calculate values of the constant. A in the relationt

- Q

v'tgross. 25° ¢) = Q_ (gross, t° 0)+ A (4-25)

Tﬁ%;vﬂlﬁﬁs of A calculated in this way are as follows. )

— -sTE

v Qv'(groés) ' _ A l
CoBtu/ly Btu/ (1v) (deg ¢) = .
L. . 19800 .. 1.2
Pt T 19800 1.21
20000 . 1.30
20200 1.38
30,400 (L S A R L o4&

20600 . = <+ . ... - _1.6B
h ewmeane
C o UNIT OF EBAT -

4]

The calorimeter wam calibrated:electrically and checked
2t intervals-by burning standard samples of benzolec acid of
.known heat of combustien. Thus, the ensrgy equivalent, or
offective heat capacity, of the calorimeter, was evaluated
in terms-of international Joules (watt-seconds) per :degree
centigrade., The temperature riese of the calorimeter was
measured with a platinum resistance thermometer. The welght
in eir of the gasollne burned was measured in grams,. The
observed gross.heats of combustion were obtained in ternsg
of intermational Joules per gram weight in air against brass
welghts., TFor coéanversion to Btu/lb, use was made of the in-
ternational steam table calorie (IT cal) defined as 1 IT
cal = 1/860 international_watt—hour, and the relation 1 IT
cal/g = 1.8 Btu/lb. Mhése two relations yield the oonvealeunt
conversion factor )

—_—=
=i

|

j

1
i

Lk



NACA TY¥ ¥o."996 -~ 5

i 860
1 int St X 1.8 .= °0;43 Biu/1b
3600

¢hus;'the “udit of heat used in this report is’tHeé same unit
use& 1n E modern steam tables, for exaaple, reference 4,

CRILATION BATVIEN GRQSS AVUD ¥ET HZATS OF COMBUSTIOE

In order to mest Bpecification A¥-F-28 a gesollne must
have a net heat of combustion of at least 18700 Btu per
pound, ‘"Amendment 3 of this Specification requires deter—
mination of heat of combustion by means of an "oxygen-—bonmb
calorimeter®" which yields gross heat of combustion at con-
stant volunme QU (gross). In order %o obtain values of

net heaf of combustion at constant pressure QP (net)

from the rssulis of bombecalorimetric measurements, it is L
necessgsary to use o conversion relation, for example, with.
all Q#s in Btu/1lb.

\

T—

Q. {(net) = Qv (gross) —=91.23 (percent H) =kl)“ﬁ

kY

v

Values of heats of combustion of pure conpounds are
usually reported as gross heats of combustion at comstant
pressure Q (gross) at 25° G. PTor coumvarison vwith the

data on gasolines, valuss of Qn (net) for vure compounds

were calculated from the reported valuess of Q (2 ross)
using the relation 2

LRI -f“‘Q;'KneE} = qp (gross) — 93.87 (percent H) (2)

-4 " <
whorenbher.Q's‘,are expressed in,Btu/lo.f Thq numénicq
values .of the -coefficients o;.(pereent JH) in equaﬁ;cn 7 l
and (2) -dependjonly on.the, .malecilar w 1ghts of ! ng. and’

aO ~and on the Droperths .0f Qater,, sing Hgz, 3 2. 016,
and HBO = 18,016 for moloculqr welghts, and thq volue
1050.4 Btu/lb (reference547 '‘$6r the hoat of vaporizatlon

of ‘water at 77° ¥ (25° C), there 1is obtained'
. P e } R RN
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18.018 , 1050.4 = 9387 Btu/1d
2.016 ‘ _ -

of hyédrogen for the heat of vaporization of the water formed
in combustion. 8Since the hydrogen content of the gasolines

is expreossed in percent by weight, the coefficient of (per-—

cont H) in equrtion (2) becomes 93.87.

When Op (gae) combines at constant pressure (or con-

gtant volums) with solid carbon, or with carbon in a solid
or liquid compound, to form COp (gas) there is practically
no change in volume (or pressure), When O (gas)combines "
at constant pressure with the hydrogen in & solid or liquid:
compounc. to form H 0 (liquid), there is a decrease in -
volume, sand pxternal work %= pV/2) is done on the systen,
where TV is the product of the »ressure and the volume of
the vater formed 1f 1t is in the gaseous phase at the tem—
parsture .to which the reaction is referred. The oxternsal
vork done in ths constant praessure nrocess is included in

the heat of the reaction at constant pressure @ (gross)

which is therefore greater than Q, (gross) Dby the thermal <
equivalent of the work done pV/2.: Using. the' values at 770 F

given in reference 4, ) o

pV/2 = 29.53 Btu/ld of water

}éﬁ:zg}fl X 29.5%.= 264 Btu/lb of hydrogen .
016 SRR

From this it follows that

TR Y
¢

Q. (gross) = Q

L U}
ain
i

(grosQ) + 2,64'(pe¥cent H) (3)

o pv) v E DT ~ k. . |
where the Q's are expressed in Btu/lb. Combining this
relation with equation (2) ylelds the conversion relation
(equation (1)), Equation (1) was used to calculate the
"observed® valueg of Q (net) reported in table 2 for
gasolines 1 to 31 inclusive, from the values of &, (gross) .
and (pergent H) given in the tadle, . Equation (2) was used
to calculate values of Qp (net) from values of Qp (gross) )

at 25° C reported for pure hydrocarbons,
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COMPARISOY OF HAET HAATE OF COIBUSTION

OF GASOLIEKIS AYD EHYDROCARBONS

A comparison of data on gasolines and hydrocarbons is
shown graphically in figure 1. The data on n-paraffins
and iso-paraffins were taken from references 2, 3, and 5.
The points in figure 1 designated as renrseseiting data on
iso-paraffins are for the 2,2-dimethyl isomers only, since
the data for the other isomers all lle between t hose for
the 2,2-dimethyl isomers and the corresponding n-paraffins,
The date on aromatics and cyclics wers obtained from re—-
cent unpublished measurements at the FHational Bureau of
Standards and other laboratories. The data on pure hydro—
carbons sre believed to be more accurate than the data on
gasolines, The straight line in figure 1l represents a
reasonable mean relation between net heat of combustion and
percent hydrogen. A similar relation was pointed out by
Jones and Starr (reference 6) who revorted measured values
for Q_ (gross) and (percent H) omn 19 gasolines. Their

results were converted to qp (net) by means of relatlon

(L), and the values obtained are plotted in figure 1.
CALCULATION .OF NET PROI GROSS HZAT O? COHBUSTIOH

As ghown in figure 1, the data on gasolines 1 to 31,
inelusive, are 'in good accord with the data on purs hydro-
carbons, and both sets of data indicate a fairly reliable
linear relation bstveen Q (net) in Btu/lb at 770 F and
(percent H), namely: ..

Qp'(net).= 15865 + 334 (percent H)  (4) .

for gasolines composgssd amssentially of hydrocarbons. Com—
bining this equation with the conversion relation for 77° F,
previously given

(TQ?f(neﬁ) = Q, (gross) — 91,23 (percsnt H) (1)

gives . . L )
' Q, (net) = 4310 + 0.7195 Q_° (gross) -  (5)
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“n

which supplies a convenlent method of—obtaining QP (net)
from a measured velue of Q, (gross).

If—;ay_be noted from table 2 that values of QP (net)

caleulated from equation (5) for the gasolines 1 to 31
inclusive differ from the observed wvalues by amounts ranglng
up to 0.2 percent, the average difference being a little
loss than 0.1 percent. The values of QP (net) given in

table 3 for gasolines 32 to 57, inclusive, were calculated
from ogquation (5), since hydrogen contsnts were not detor—
nined for these gasolines. The values of net hoat ¢f oom—
bustion given in the last column of tables 2 and 3 were '
calculated from the equation given in Spocification AN-F-28
(amondment 3); namely, net Btu/lb = 4525 + 0.7070 X gross
Btu/1lb.

R?LATIONS BETWEEH NET HEAT OF COMBUSTION

- API GRAVITY AND ANILINE POINT

The valucs given in table 2 for QP (not) calculatad
from equation (1), and values given in table 3 for QP (net)

calculated from equation (5) are plotted in figures 2, 3,
and 4, which indicate approximate linear relations between
net hoat of combustion and aniline point, API gravity, and
the product of anilinc point and API rnavitJ, respoectively.
It 1s otvious from the figures that API gravity is not so
good a critorion for net heat of combustion as ocithor
aniline point, or the product of aniline point and API
gravity. b .

The straight lines in figures 2 and 4 areo reproescnted
by the following ‘equations which were derived by the method

of least squares: ) . - AR
Qp‘(nets = 17727.7 + §.494 F;nPt} »-1‘) fs} ’ B
QP (net) = 17992.0 + 0w6§839 C@nPt:Gr) (?)

wvhere Q. (ne?) is the net heat of combustion at c@nstant

pPressure’ in Btu/1b and (AnPt) and (&nPt—Gr) are aniline

P B

Y
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point in degress Fahrenheit, and the product of aniline point
in degreces Fahrenheit and gravity in degrees API, respecctively.
The svandard deviations of the measured heats of combustion
from values calculated from oquations (6) and (7) are 24.4
and 23.8 Btu/lb, respectively. The respoctive correlation
coaefficients arec 0.9657 and 0.9644. Thus therce is littlo
reason to choose betweon the two criteria in the ceso of

the data under discussion. Howevor, as the gravities are

not ordinarily deitormined as preciscly as in the prosenl’
data, and as added orror in this dotormination will increase
the error of tho ostimated hoat of combustion, it appears
‘that the aniline point is a somewhat more reliable critorion
of the net hecat of combusgtion. ' )

According to cquation (6) an aniline point of 114.5° F
corresponds to a net heat of combustion Qp of 18700 Btu/1lb.

However, as is ovident from figure 2 the actual heats of
combustion &do not follow this relation exacily. If it is
desirecd that there shall te only 1 chance in 10 of the net
hoat of combustion boing below 18700, then the minlinun
aniline point must be set at 1190 F; for 1 chance in 100

the anilinc point must be set ot 122° F. According to equa-
tion (7) an aniline—gravity product of 7200 corresponds to

a noet hont of conbustion Qp of 18700 Btu/;b,rand the values
7596 and 7821 for the product correspond to 1 chance in 10,
and 1 chance in 100, respoctively, that the not heat of con-
bustion will be below 18700 Btu/lb.

A chango.of 50-Btu/lb in thoe minimum acceptable net
heat. of combustion requires e corrcsponding chango of 5.89
degroes Fohronheit in the minimum aniline point, or a change
of 508 in tho aniline—gravity product. .

Velues of QP (net) calculated from equation (6) for

integral values of aniline point frdm'boo'tbhl49° F are
given in table 5. Values of QP (net) calculated from

equation (7) for integral values of the aniline—gravity
product in the range 5000 to 10400 are given in table 6.
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BFFECT OF NONHYDROCARBOXS ON NET HEAT

O0F COMBUSTION

Of some intorcst are the following anproximato valuo§£ 

—_ . - R F

.

i

T

Q (gross) (not) o e
EQEEEEEE P Yp (not) EEEEEEX
k cal/molo Btu/1b g/ml
(a) Pp{(CoHs)a 81487 7950 1.659 at 18° o
(b) CoHgBr, | 2282 2500  2.178 at 20° ¢
Bthyl fluiaD —_— 5890 1.85
Xylidino - - 1108 15590 —_—

&Valuecs suppliod by Ethyl Corpofatidn

Py ssunca %o consist of 62 porcont (a) and 38 pcrcont (b)

by woight

Using tho walue 0.72 g/ml for tho donsity of gasolino, and
thoe values of density and heat of combustion given above

for ‘Pb(CpHp)ey OCoH4Br., and ethyl fluid, it has boon cal—

culated that the addition of the amount of othyl fluid oquiva-—
lont to 4.6 millilitors of Ph(CpHs)s por gallon of nixturo,

lowore. tho net hoat. of combustion: of gasolino at constant
prossure by 0.3l porcent, and that tho addition of xylidine
lowors the not hoat of combustion by O, 17 porcont for oach
1 percant by woight of xylidine addod.

~ EFPECT OF TIME AWD OF THE ADDITION
OF XYLIDINE O ANILINE POINTS
Aftor tho aniline points reportod in tabdble 2 had been

neasured, the National Bureau of Standards was requested to
determine the effect on aniline point of the additien of

[

il
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xylidine to aviation fuels. As about 6 weeks had oclapscd
since the original determinations of aniline points, new
moasuroments wore made on sampleos of & number of the fuels.
Most of the valueos obtainocd woere found to differ from tho
original values, as shown by the data given in the third
column of table 4. Tho changes in aniline point in the
6—~woek poriod ranged from +0.4°9 to —=1,1° ¥, the average
change being —~0.36° F, Onc percont xylidine was then
added to cach of the samples, aftor which new measurcments
of anilinc points wero made., The effect of the addition of
1l porcent xylidine, as shown by the data in the fifth colunmn
of table 4, was a change in aniline point by amounts ranging
from —~0,9° t0 -1.6° F, the average changé¢ boing -1.19° F,

Ten woeks after the original measurements of aniline
points, new measurements wgre made on samples of fuels 4
and 7, to which no xylidine had been added previously.
Thres percent of xylidine was then added to each of those
samples, and the measurements of aniline points wers re—
peatods The results of these measurements, given in tho
fourth-and sixth colunns of table 4, show that thé changes
in aniline point for fuels 4 and 7 in a period of 10 weeks
wero —0.,6° and 1.2° F, respectively, and that the addition
of 3 percent xylidine resultod in changes ¢f ~49:and -3.1°F,
respectively, for thesoc two fuels. No investigation was
made to detormine whether the changes in anilinde polnt wilth
time were due to evaporation loss or to other causcs.

CONCLUDING REMARKS

Values obtained for tho net healts of combustion of 31
aviantion gasolines,'and values reported in the literature
for pure hydrocarbons arec reasonably well represented as a
function of hydrogen content by means of the linear equation

+ o

Qp (net) = 15365 + 234 (percont H) Btu/ld

When this equation is combined with the relation connocting
gross and net heat of combustion and hydrogon content, thore
is obtained the relation -

QP (net) = 4310 + 00,7195 Q, (gross) Btu/lb
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which can be ussd to calculate net fron moasured gross
hoat of combustion whon the hydrogen content 1s not known.

Vrlues obtained for .the not heat of combusiion of 57
aviation gasolines wore found to be a lincar function of
oithor thoe aniline point or tho anilino point—gravity
product, Thesc lincar functions are shewn graphically
and by nmeans of tables.

Naticonal Buroau of Standards, . ' - - E

Washington, D. C., May 14, 1645, -
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Table 1. Specific Gravity and Dlstillatlion
Data on 31 Gasolines
Distillation, °F at
§gfl EB?éggi 10 °X8p°’at§% Q0 %g%nt L%ss
1 | .7209 139 | 186 | =00 | 262 | 316 1.1
2 . 7135 143 190 . | 205 263 z24 1.1
3 . 7199 138 | 170 | 183 | 269 | 333 1.1
¥ . 710k 19 | 194 | 205 | 2u5 251 1.0
5 TLT7 138 | 194 | 211 | 268 350 1.3
6 .7369 143 | 202 219 28l 343 0.9
7 .7363 142 194 211 281 338 1.2
8 .709% wo | 167 | 178 | 271 334 1.3
9 .720% 2 | 178 | 190 275 343 1.2
10 .7157 sz | 182 | 195 | 263 333 1.2
11 7167 '142 171 182 286 338 0.9
12 L7k 126 | 170 | 184 | 276 343 1.0
13 L7177 140 178 | 192 279 329 1.0
il 7268 | 151 | 202 | 213 | 280 338 1.1
15 .7214 137 | 187 | 207 | 274 330 1.2
16 .7265 133 190 210 283 336 1.3
17 L7249 148 | 201 | =212 | o7h 343 1.1
18 .7099 12 193 | 211 264k | 353 1.1
19 .7224 45 | 201 | =217 | 288 356 1.2
20 7285~ | 11 | =202 | 220 | 287 | 348. | 0.9
21 .7213 139 | 192 | 208 | &7 34g 1.2
22 L72Ns 142 190 206 283 345 1.1
23 .7253 136 | 188 | 208 | 282 Z3h 0.8
L8 .7271 147 203 221 28l 334 1.1
25 .7221 1o 206 215 | o8h 340 1.2
26 .7226 132 | 1%0 ‘| 197 | 283 351 1.1
27 7321 138 | 188 | 207 | 289 | 340 1.0
28 L7234 w2 | 180 | 196 | 282 333 1.1
29 . 7299 ikg ook 218 259 307 1.2
30 .7079 Wi | 178 | 189 | 253 298 | 1.0
31 .TH1LE 142 207 225 289 346 1.0

13
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"~ Table 2, Gravity, Aniline Point, Hydrogen Content,
. : -and Heat of Combustion of 31 Gagg&igggﬂﬂih&wdF;,‘ﬂ,_%qﬁi
Fuel | Gravity | Aniline|Aniline | Hydro- Heat of Combustion
No. w7t | Point Gravity | gen {Obgerved Caloulgted |
: . . Product | Content {Grose |NetP NetC Netd
OAPT | oF OFxOAPI | % Btu/1b| Btu/1b| Btu/1b|Btu/1b
1 6.8 121.3 7860 ik.8 20121 [18771 (187487 (187
2 6€.8 136, 9112 15.2 20250 | 18863 | 18830 (184
z 65.1 122.8 8059 1.8 20152 | 18802 |14809 |14772
4 67.7 146.5 991g 15.7 2039 13962 1898L |18&9
5 65.7 135.0- | 8870 15,1 202 18476 {188483 |18845
6 50, 122.8 7k29 14,7 20077 | 18736 (18755 (1&719
7 oy | 108.3 651& 14,3 19913 | 18608 | 18637 |18603
8 €8,0 - 131.5 8942 4.9 20247 | 18448 | 18878 18840
9 65.0 127.2 8264 14,9 a | 20191 | 18432 [18#37 |18800
10 66,2 132.% 8791 15,2 202l 18824 18873 [18435
11 65¢z 126.1 8310 14,3 20191 | 188l1 | 148 18300
12 67 130.6 -ssgﬁ 15,0 201 g 18329 | 18840 (18804 .
1 65.7 127.0 &3 14,9 201 18811 | 18422 |18785
1 63,2 122.3 8361 14, 20191 | 18850 | 18437 |18200
1 64,6 120.0 7752 14, 200 18717 14735 |18700
1 63.3 115.2 7292 14,2 2 119999 18704 (18699 |1866%
17 63,8 127.8 81E§ 14,7 20171 188&0 18823 118786
18 61.8 142, 96 15.5 20355 | 18901 (189565 {14916 N
19 6L, L4 . -f127, 8205 13.0 20171 | 18803 [18823 18746
20 62.7 119.7 | 7505 15,3 20 18738 [1476 18721
21 64,7 127.2 8230 14,6 20145 | 18813 |1d80Y4 (14768 v
ga 23.2 - 1119.3 7611 1&.5 20052 1§ 2 1323; ig 22
3.6 . 115, 14, 1 1 1
2 63,1 12?.2 ;E;% 1&.3 28831 18732 187%9 15691
2 64,5 120.9 7798 14,7 20135 | 18794 |18797 |14760
2 E4.3 120.9 277u 14.5 20083 13260 18760 |148724
27 1.3 = 1113,0 983 14, 6. 19999 |18 61 18699 |18664
o8 64,1 127.0 8143 14,6 20096 (18764 |18769 18732
29 62,1t 118.2 Zs 14,8 200;5 18708 |18742 (1870
30 68. 4 139.3 E g 12.3 203 18920 |18927 |18%28
31 59.% | 102, 6102 14,0 19835 | 18558 |18581 [18544

2 Vglues oflhydrﬁ
on combustion,

geﬂ cohtent determined from weight of water formed

The sum of carbon and hydrogen percentages were

98.9 and 98,7 for sa
the average for the o

b
e
a

les 9 and 16, respectively,

her samples,

Qp(net) caloulated from equation (1)
Qp(net) calpulated from equation (5)
Ngt heat of combustion calculated f
Specification AN-F-28, Amendment-3,

.- -Net Btu/lb = 4525 + 0,7070 x Gross Btu/lb

F T e T

e L r

whereas 99.7 wss

rom the equation given in
namely




NACA TN No. 996 .15
Table 3, Gravity, Anlline Point and Heat of
Combusgtion of 26 Gasolines
Heat of Combustion
Fuel | Gravity | Aniline | Aniline- | Obgerved| Calculated Calcglated
No. Point Gravity | Gross Net & Net
Product
°API oF SFx°API | Btu/1lb Btu/1b Btu/1b
2 62, 111. 016 19986 18690 18655
% 63.1 116.2 ;361 188&&_ 18620 18625
3 62.6 109.9 6990 19990 18693 18658
25 66,0 128.9 &507 20162 18417 18780
6 6&.2 118. 98 2002 18 EO 18684
7 6, 120. 7% 2008 18762 18726
28 63.9 120. Zgla 20049 18735 " 14700
Eg 59.9 100, 1 19843 18587 18554
63,6 121.8 7746 20067 14748 18712
4 6%.9 131.2 86U6 2018 18432 18704
U2 6%.9 116.2 Zua 200 1822 18202
ﬁa 61.3 109.% 73 19954 18 18642
. 66.2 126.5 &374 2015 184815 15277
s 63,2 113.5 7173 2001 18710 18675
ue 65.1 127.2 g281 201zs 18828 18791
W7 €l.3 111.2 6817 19960 18671 18637
hg 62.1 109.9 6825 19926 1465 18620
lg 61.2 110.1 6738 19949 18663 18629
50 60.6 105.1 6369 19912 18637 18603
51 64.& 122,2 gsos - 20085 18761 18725
52 61, 108.1 637 199323 18652 - 18618
EE EZ'O 111.9 gogo 19976 1828 186&5
.5 110.8 925 199 g 1867 186
55 | 62.7 111.4 6285 11996 18674 186
56 61.1 106.0 eh77 19980 18685 18651
57 60.9 101.1 6157 19858 18597 18565

8 Qp(net) calculated from equation (5)

D Net heat of combustion calculated from thie equation given
in Specification AN-F-28, Amendment 3, namely

Net Btu/1b = 4525 + 0,7070 Gross Btu/1lb
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Tablé h."Effect of Time and of the Adaition of Xylidine.

on the Aniline Points of. Gasolinea e e - e
-Initial
Aniline, | Change with time, deg.F| Change with A3dition
Fuel No._Point °F of Xylidine, deg.F
6 weeks 10 weeks 1 percent| % percent
2 136, 4 0.0 -1.4
E 123.8 .0 : - .9
.1%2,5 - .2 -0.6 -1.& =l
1 ;O Ll -1-
2 1528 + b o
7 108,.3 - .7 -1.2 - .9 =-3.1
8 131,56 |- .9 -1,k
9 127.2 -1.1 -1,
10 132, 8 - .2 -1.1
12 1%0.6 + ,2 -1.3
1 '125.0 - .5 =-1.1
l 13 03 - .E -l.l
15 120.0 - A4 -1.1
16 115, 2 -1.1 -1.1
17 127.8 - .2 -1.72
19 127.4 - .2 -1, 04 '
20 119.7 - .5 ~-1.1
21 127:2 - .2 ) _ -1.1
22 119.3 .0 -1.1
2 11509 - nl" - .Q
2 121,56 .0 -1.L
25 1120.9 -4 -1,
26 120,9 -1l.1 ~-1.
27 1113.0 .0 -1.1
28 127.0 - o5 - 09
29 118.2 - !5 -1.1
Average change - .36 -.90 -1,19

N
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NACA TN No. 998 |
- Tgble 5. Values of Q,(net) for Various Values
of the Aniline Point &

%gi%%ne Q,(net) %gi%%ne Q,(net) %g%%%ne Qp(net)
°F Btu/1b oF Btu/1b op Btu/1b
90 1892 110 18662 | 130 . 18832
91 18501 111 18671 131 18840
92 18509 112 18679 132 18gl9
93 18518 113 18688 133 18857
oY 18526 11k 18696 134 18866
95 18535 115 18705 135 18874
96 18543 116 18713 136 14843
97 18552 117 18721 137 18491
98 18560 118 18730 138 18900
99 18569 119 18738 139 18908
100 18577 120 18747 140 18917
101 13586 121 18755 141 18925
102 18594 122 18764% | 142 18934
103 186073 123 18772 143 14942
104 18611 124 18741 1y 14951
105 18620 125 18749 145 14959
106 18628 126 18798 146 18968
107 18637 127 18806 147 18976
108 18645 128 18815 148 18985
109 18654 129 18823 1Lo 18993

2 Calculated from the equation

Qo(net) = 17727.7 + &.49% (an pt)
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Table 6. Values of Q (net) for various valuea of the .
- .eniline poiﬁt-gravity product & e am: xmm
ggi%%ff Qp(net) Aniline | Qp(net) gg:%tfe. Qp(net) .
0% by | |y
°Fx°API | Btu/lb | ©Fx°API | Btu/lb | SFx®API | Btu/1b
5ooo%fff 18hal 7000 18681 9000 18878
510077 | 189k | 7100  |18691! | 9100 | 1887
5200 - : | 18504 | 7200 18700 9200 18497
53ooffi, 18513 7300 18710 9300 18907
5400 " | 18523 | 7400 18720 9400 18917
5500 | 18533 | 7500  |18730 | 9500 | 1d927
5600, . 18543 7600 1&740. 9600 | 18937
5700 -* | 18553 7700 18750 9700 18946
5800 | 18563 7800 18759 9800 18956 .
5900 -7 | 18573 7900 18769 9900 | 1#966 ¢
60005?? 18582 4000 18779  |10000 18976
6100 - | 18592 100 18789  |10100 18986
6200 __ | 18602 | #200  |14799 |10200 | 18996
6300’?f£ 18612 300 18809  |10300 19005
6400 .- | 18622 &400 18818  |101400 19015
6500 18632 500 18828
6600|1868 | 8600 18434
6700 ;fi 18651 4700 1884g
6800 | 18661 | @goo | 1essa ’
6900 .| 18671 8900 18868 -

Time s f wmewa s —aaman

8 Calsulated rrom the equation (net) =1 992 0+ O 0 8
(AnPt-Gr). _ _ % _ 7 9 39

N



Qp, net heat of combuetion, Btu/lb
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